PbTiO3
(PT Various seed materials have been introduced in order to decrease the crystallization temperature and control the crystal orientation in thin film fabrication processes. For the Pb (Zr, Ti)O3 (PZT) thin film, various materials have been examined. The most popular seed material for the PZT thin film is PbTiO3. It provides the nuclei for crystallizing at rela tively low temperatures.1)-4) The few nm of the thin Ti and TiO2 layers also acts as a seed layer to control the crystal orientation in PT and PZT thin film5),6) in the sputtering technique. As described above, the seed materials and/or substrate surface play an important role in initiating crystal growth and finally controlling the crystal orientation of the thin film.6)-9) In the high-temperature deposition process, raw materials are transferred to the substrate surface and the deposition and/or reaction occurs successively on the surface. In the case of the chemical solution deposition process, the reaction and/or crystallization might occur at any location in the film. It is important to control the initia tion of crystallization and to suppress the crystallization oc curring elsewhere in the CSD process. In the PZT film deposited on the Pt/Ti/Si substrate by the sol-gel tech nique, Ti acted as nuclei and initiated the crystallization of PZT at a lower temperature.5) Ti was also supplied by the rapid diffusion along the grain boundary of columnar shaped Pt grains.10) The crystal orientation of PZT, however, might be determined by the crystal orientation of Pt (111) grains in this case. If we succeed in lowering the crystallization temperature, it might sometimes be difficult to control the crystal orientation because of the natural crystalline orienta tion of the PZT film. Thus, the seed layer and the bottom layer including the substrate play two different roles. We focused on the seed layer as an initiator, in that it deter mines the crystal orientation of the deposited film. Table 1 describes the role of seed layers in forming the thin film from the viewpoint of crystal orientation. If we succeed in introducing the various kinds of seed layers simultaneously on the same substrate, many applications are made possible. Journal of the Ceramic Society of Japan 110 [5] 2002 363 For example, specified memories with multi-threshold me mory levels, a new type Vref cell with a different Pt value by the seed layer for DRAM (dynamic random access memo ry) type FeRAM (ferroelectric random access memory), achieving films with different electrical properties without changing the material itself, future devices with different characteristics in each columnar grain, and so forth, will be investigated. Muralt et al.6 ) demonstrated a patterned PT and PZT films with different crystal orientations on the same Pt/Ti/Si substrate by introducing very thin TiO2 seed patterns using sputtering and photolithography. In this sys tem, it was necessary to control only 1 to 5 nm of the seed layer. Since the thickness of the seed layer is too thin, con trolling the pattern shape and homogeneity for the pattern ing is expected to be difficult. If there is holes, for example, in the film by patterning, the substrate affects the film properties. To avoid these difficulties, the seed layer must be thicker to eliminate the effect of the substrate.
In this paper, we described how to control the crystallinity and crystal orientation of the ferroelectric thin films on the substrates by introducing various seed layers at the same time. To realize this structure, photolithography and the in troduction of seed layers were combined. Figure 1 shows the conceptual model of the multiphase device structure proposed in this paper. Introducing various seed layers might produce different cells with different cry stallinities, crystal orientations and second phases on the same substrate. Utilizing the ferroelectric thin film in this structure, we may fabricate different cells with high and medium polarizations, and no ferroelectricity. Ferroelectric PbTiO3 (PT) and Pb (Zr0 .52Ti0,48)O3 (PZT) were selected as model materials. 0.5mass% of Nb added SrTiO3 (100) (Nb-ST) and Pt (111) /Ti/SiO2/Si (100) (Pt/Si) were also chosen as substrates. TiO2 thin film, SiO2 thin film and the substrate surface (no seed) were selected as seed layers. Combinations of selected components, i. e., ferroelectrics, seeds and substrates, are listed in Table 2 . ing dilute hydrochloric acid. The etchants and the etching conditions were optimized in conjunction with the optimiza tion of the fabrication process of the seed layer. Figure 3 shows the typical process flow of the patterning the PT film with and without the Ti02 seed layer. Figure 6 shows the top view obtained by optical micro scope and the XRD chart for a patterned PT film on Nb-ST substrate with TiO2 and SiO2 seed layers. The patterning process is shown in Fig. 3 . TiO2 and SiO2 seeded areas are clearly observed in the non-seeded area. Since Fig. 4 was measured under the same XRD condition as Fig. 6 (b) , weaker PT (001) and (101) peaks in Fig. 6 (b) show that the XRD intensity was gathered from three different areas.
Conceptual model
Since the Nb-ST substrate was semiconductive, we could measure the electrical properties of these three areas. P-E hysteresis measurement revealed three distinct results for each area. These were expected to correlate with the epitax ial, polycrystalline and amorphous that of the PT film. But it was very difficult to measure the ferroelectric properties, because of the characteristic nature like an "electret"13) be tween the Nb-ST substrate and the PT film, SiO2 seed layer and TiO2 seed layer in this system. When we introduce the electrical conductive epitaxial substrate, i. e., LSCO/CeO2/ YSZ/Si, it will be possible to apply these results. Thus, the first step to realizing the conceptual model shown in Fig. 1 
